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9 7 
1 2 0 


22 


0. 4 0 
0. 49 


0. 60 . 
0. 33 


BX-55Z/P 
iGE-J) (2.5/75) 




1. 35 


6 6 3 
6 6 2 


9 8 
130 


1 8 


0.7 1 
0. 39 


0. 5 8 
0. 29 



60* F/08%RH 



[0 0 4 6] «6rt»*blJJ?>a*/j:J;5^ CGgiCx^Jf- 
> J # 5 y * tSJIS SrAP i 5 w 4: ic«t 9 , ffl;»M«lft" fc lift 

$ ti s o r co * ^ a a* p> m^ti 5 ftfiom^ 

w«ft*Wto?c£tt-e*)6. teia/ft«ftfrT (6 of 
/ 0 8 %fe*tHft) t?fi«««H**< Ltf Ui*S < 1ST 

^*a s (lsopel O.D.)) d«»P,n*o fifc A/fc*CO»^K: 
*Jl*T* O. 2 3 u J / c m 2 <7)^;l/^{cfc(t5t 
AJ&fS0>fllEEtt\ Wktn^fc (72F/4 0%RH-6 
0F/0 8%RH) t-ft(:fj2 0-3 0VML, 



(72F/40%RH) IC&^T, 
ffi\\% K7A lc Jt-<T «t <9 ft if fcJ8* £r 

[0 0 4 7] efeA**lfc««*W4tt, x«W^7S/ 

(c, rcottfBiSrffii^SPVB, t4fc*)BM-s (4 
8 00 0 g/moiroft¥Wft) ^uyKLfc, 

fll^ftfcfcCOtt:, BX-5 5ZE^«J^»JK*fc|5] 
7) 0 

[0 0 4 8] 
[*7] 



*7. KV^>« h7>Xtf-h (aK*M5KaOH) *«^CG*K«iLfci*+W^y^«IB««»«ftt 







**** 


f-V) 


m 

f-V) 


(yym 




-fy^u 
0. P. 


BM-S 




l: 21 


6 58 
6 60 


1 1 7 
187 


20 


0. 7 7 
0 66 


0. 4 3 

0. 2 3 


BM-S/P 

(GE-DCP) (90/10) 


««/«* 


1. 29 


6 62 
662 


102 
138 


1 7 


0. 5 8 
0. 5 3 


0. 4 6 
0 28 



[0 0 4 9] mJ£<nmMbtiitm&<ni>$. / P&s CGflctt 
#T- fly < >< v ^- Sr ffl ^ 5 r fc ± a r fc /j * ti & c 

CG^y^ (1 0 0%) tUWx^w^y 

fc LT P VB*rini^w fcMJ; 9 figWt fc o T fc , Z 
tlt># \) ^-ZmftfritZ Zk\Z±<0 !fcjefc»Btf*fc ft 
fflfcflMMm*M»&fta fc ^ 3 flJ/StfSWtfiSo *S5->-T- 

tWPVBtfflV^^tlCj: 9&££ (BM-SSBX- 
5 5Z) tfWto-tZtf* 



fflv^C fc(cj;«9 CT^BBfCCG^ifci^SixS. 

[0050] **w«>#jj!itt«:* e>^j*»-rsfc«>{^ 

«)A^ffi»^^-^ fc L/c, i-ftfo-fe 2 5%fc 3 5% 
^^^MLt*»*K7is^ISlf; 0 *8fc 
IS 9 fC^-f «fc 5 (C % C G + (Cm sjf > J # 7-y/ ««Ry 

[0 0 5 1 ] 
[*8] 



S8. K>-??>- h7yx^~K (SJK*<3 5%^®»4) **AfcCGtlt«fcLfci*+^y#7^^IB®«ft1«t 









3E« 
(-V) 


m 

f-V) 


■WW 
(Y/t* 




0 D 


BX-55Z 


60/08 


1. 4 


660 
665 


275 
310 


70 


0. 61 
0 47 


0. 2 9 
0. 20 


BX-55Z/P 
(GE-DCP) (75/25) 


%%\m 

60/08 


1. 29 


663 
665 


1 15 
147 


27 


0. 12 
0 48 


0. 55 
0. 3 3 


BX-55Z/P 
l(GE-F)(75/25) 


60/08 


1. 29 


665 
665 


122 
160 


27 


0. 5 8 
0. 5 3 


0. 4 6 
0. 28 



(11) »Bn* I 1 - 2 719 9 1 

[0 0 5 2] Vi<9] 





81$ 


**** 


,3fcSI 
f-Y) 


tm 

(-Y) 


(v/m 


>< v ? 


4 

0. D. 


BX-55Z 




1. 28 


6 6 0 
665 


2 7 7 

3 1 3 


6 8 


0. 62 
0. 35 


0.2 9 
o. 1 8 


BX-55Z/P 
(GE-DCP) (75/25) 


ml® 


1. 34 


6 6 2 
665 


19 7 
2 30 


60 


0. 1 1 
0. 4 7 


0. 4 1 
P. 2_5 . 


BX-55Z/P 
fCE-n (75/25) 


m/m 


1. 38 


6 6 3 
663 


2 0 2 
2 3 7 


4 0 


0. 35 
0. 41 


0. 4 2 
0. 25 



[0 0 5 3] ^i*^m\\txCG*)\\\<^ZZ.t£ZbY~m 
EH) 4rffllf^|**S:tf4ofc, 3 5%£ 4 5%<Dffi;fr 

51 0. DEHh^yx#-ht<liL/:CGtMiLfcx*+W#9v^*lll««««tt 



[0 0 5 4] 
[*10] 









KM 
(-V) 


m 


(V/tt) . 


BX-55Z 

f4f>% m) 




1. 4 


693 


275 


2 3 


BX-55Z/P (GE-co 
dXM(M/10) ... 




1. 42 


692 


141 


20 


BX-55Z/P (GE-co 
bWSD/lO) 




1. 49 


695 


135 


1 5 


BX-55Z 


*smm 


1. 38 


695 


243 


2 5 


BX-55Z/P (GE-co 




1. 41 


695 


162 


1 8 


BM5Z/P^ (GE-co 


mm 


1. 48 


697 


157 


21 



[0055] ^is^b'icm^hh^^tf^ismfctt. 

y t'zr-jv?^? — Jls (S-Lec-B [BX-55Z] 
-fcr=^x-T>r * tuUjjiss<^ — (Sckisui Chemical. Co.)) 
telZftir Z> EPON 1 00 1, 100 4Rrj 10 0 9 
(^/l^r^/i^ (Shell Chemical)) X'fr^ti 0 ~GOE 

v ) . 4294, 6782^26, 8 6 9 g / m o I IDJR 

nab: K'i I> V IV<>r yy-^x^ 0 

(^yf^r.[)A7^i3S/7^y) rt*4 5 
/55<fr35/6 5 <OEd»ttaA StlfcRlFSia t ««[ 



Wfe t Lfco S/«HB(C»-*-5 PVR 0>ffittlt 

2 5/7 5MlO/90<!:U^l/ 

£iffi#\ I 0 0t^5»|ffl«ffcLfc. *<)2 Omg/f* 
^ yf^)3^r^y/ff(lT*CGlJ:{C3-7->fyyL 
fcltt«f»«i (CT) h 
T'&> «9 , r*x£ 1 2 0 TC-C 1 HSRiMfc L/c c _b!nli!E&#> 

[0 0 5 6] 
[$11] 



(12) 



t*DH T- 1 1 - 2 7 1 9 9 l 



tf-h) tOXsP+i/^JK (Eponl 0 0 4) C G 7 U > K<D«««rtt 



cc><>r 




( V / VP) 


(-Vo) 


— — i 

Vo. 13 




1 . Do 




6 9 8 


19 8 


BX-55Z/Epon 
1004(75/25) 


1.48 


1 4 


6 9 5 


8 8 


BX-55Z/Epon 
1004(75/25) 


1 . 3 5 


1 0 


7 0 0 


13 2 


BX-55Z/Epon 
1004(25/75) 


1.3 4 


9 


6 9 9 


14 8 


BX-55Z/Epon 
1004(10/90) 


1. 3 4 


9 


6 9 6 


18 7 



Vo.»: 0. 23uJ/c m'Ox^U^-K&ttS^ff 



[0 0 5 7] #C^T\ BX-5 5Z/E p o n 1 0 0 4 fcJtSMtf* K7 ^WftSSr* 1 2 

S:^— * £ LfdK£ife£, «»/'<>f >-^-60it^ 3 [0 0 5 8] 

5/6 5 £fc6±5fcliPMRLfco ^COJ: LTiffi L [Si 2] 



$12. K>5>5>>- b5>X*-b (&m#ZS%V>mmt30%<Dt7>X 
ajf — h) t(OX^+*>^ffli (Eponl004) CG^U> KOttfttttt 



CG/<«f 
(Wt) 


**** 


(V/#) 


(-Vo) 


Vo. 13 

(-V) 


BX-55Z 


1. 29 


4 5 


6 8 4 


2 3 7 


BX-55Z/Epon 
1004(75/25) 


1 . 8 2 


4 2 


6 8 6 


15 6 


BX-55Z/Epon 
1004(75/25) 


1 . 3 3 


2 3 


6 9 6 


14 1 


BX-55Z/Epon 
1004(25/75) 


1.6 1 


1 9 


6 9 8 


8 1 


BX-55Z/Epon 
1004(25/75) 


1. 3 


1 5 


6 9 5 


16 1 


BX-55Z/Epon 
1004(10/90) 


1. 3 4 


1 3 


6 9 3 


1 3 4 


BX-55Z/Epon 
1004(10/90) 


1. 2 3 


9 


6 9 4 


19 4 



Vo. n :. O. 2 3 u j/cra^i^/^-lcfcJUlff 



[0060] 7^J* ->-t»JIg(DRii^ft 
Jt«(M I : Wfr/'<4 V^-COtt*^ 4 5/5 5 Ofttfiir 

^t'-X (6 0ml) ^t[:^yf^-^7^ D y 
(7. 4g) , tr=./U^7— (BX-5 

5Z, "tr^r^-f^^ ^yu^; WN^-(Sckisui Chemical 
Co.), 9. OOg) T>>/<— Jfyxrti h/H , »2 - 



[0 0 5 9] rcOJ:5}-, 13 X- 5 5 Z/K p o nC^y 
u ^ KSrJIJt ^ r t J: 9 vli r-'*f4fl]ffij£»«07ttat«t: 

t Kv?7x^/Ut K7/V (DEH) <h^7x^7; 

y^yxr^ft K</7s^t h*7'/^ (tph) <n 

PVB/E pox yttfJigOCGBd^^illV^tB^tl^ 



(13) 



t*DH-T- 1 1 - 2 7 1 9 9 1 



y^/V (50g) b'sW^*+y / y (50g) (Dtil 
\ zhw x. , ^>F-yx-^'K'i2 n$IH]J3Htlj L , 

2--/? (400g) -Cft 3 %<OMJR$>*-C-JMJ L 

"C'f^y7 3-f^^U I00t 5 »|B|ft*» 
Lfc„ Th7hKD77V (249g) £ 1 , 4-5*:* 
(I0 6g) «f(^tr^ 7x7 — /U-AtfV Jo — # 
h (MAKRO LON- 5 2 0 8 , ^<<T— (Baye 
r), 6 2. 3 0 g) , (2 6. 7 0 g) frb 

fiCGlt^CTfld^'K'fV ^^-f^f V/U 1 
2 0 tt 1 n*fflK*!6 LT» 2 0 m g /-TJ/-1 >-f-(D ^ — 

(Vo) 7)>-6 8 3 V, £gfflU£ (V r) 7^-8 0 V, 
Hif £Ettk£* 2 4 V/fj\ 0 . 2 3 u. J / c m 2 GO~-*/U=¥ 
— S^Jlt-S 3113:3**- 1 3 5V-?r1oo/: 3 

[0 0 6 1 ] Jt&OT 2 : M3fr/'H ^y—(Dltm^4 5 
/5 5T*PVB/^y^-^ LtBM-S^tti€^ 

(6 0ml) ^^fc(c^^y^^^^^7^a^r^> 
(7. 4g) , ^Ut'^yf^-^ (BM-S, t^r 
-7-^ (Sckisui Chemical Co.), 9. 

oog) rw<— Ty^xtf? h/^»l i oo2-y^/> 

(5 0g) i^^D^^j-yy (5 0g) coS^ttJcAi 
*T 1 2P*|HJ»»U 2-7? /> (4 0 0 g) "C^3 

--r>A K^A^CGffi^T'r-f 7^-r^f^/U 
l O CC-CS^WMSJIftLfco -rhvtKn> r 7>' (2 4 
9 g) £ 1 , 4 - £*:*** V ( l 0 6 g) 4>C0t^7x 
y— yU-A^U # — h (MAKRO LON- 5 2 

0 8, ^<>fr- (Bayer), 6 2. 3 0 g) , *<lsWls 

(2 6. 7 o g) ?j>h&mmmi£&&m$&vtL 0 

= — T^S^U 1 2 0 t CT*lH#Ri|^LT^2 Om 

e / r- ^7 ^yf^^- 7- v y IB .'ft * W :wK7A 

^•fllSUWtttt, tfMIH: (Vo) ^-6 8 9V, ffiWitt/l: 
( V r ) 6 0V, BffftflM* 2 O V/8\ 0 . 2 3 u 

J /c m 2 C03--^/U^r — Uib'Jt^'ifflif:^- 1 2 0 Vt'^ 

[0 06 2] Jtttfl 3 : 0>Jt**W 3 5 

/6 5t'PVR/W^-i LtBX-55 Z Sr^tffil 

* (6 0ml) £ Jfcfc;** J*? 9 v*isT=.> 

(4. Og) , /f !i f^yf7-/U (BX-5 5Z, 
8. 12g) *\ 7^<- #7*7$ b/)sHi<D2-7# y 

> (5 0 g ) ^v^p^t/y (50 g) (nfeitmz. 
^-r>- h-v'x— #*tm 2 0*rM r }SffijL, 2 -y 

*yv (4 0 0 g) T^j3%<OiajK5>^T*«rfiL/z 0 & 
r^77 p ^-r>ry/L, 10 0tt'5i)IS|R«U: B 



rh7t Kc77y (24 9 g) i: 1 , 4 - is^-fry 
(1 06g) 'N)t"X7x y — t\s- ATtiV ^*.— h 
(MAKRO LON- 5 2 0 8, ^ 7' — (Bayer) , 6 
2. 3 0g) , (2 6. 7 0 g) 3&*&#JlWg 

«^^IKLf:o K^ic^-x^ W/£rucCG 

■C i u-aiffi-Lt^ 2 o m g /*p*r>f yf(0 = -T- j > 
^fifttr^fcc K7AW*53H*ttf±, Wttt/E (V 
o) - 6 8 3 V, m^Mf± (V r) 14 0V, m 

5 1 V/8\ 0. 23uJ/cm 2 ^x^'- 
«C*5ft5ittEE3ft«- 2 5 6Vt^o/: 3 

[0063] ijoftgy i : mn/^ < ^y—coitmfr 4 5 

/55T'BX-5 5Z/7x/^« (7 5/2 5) 

^X^7^.t'-X(6 0ml) «J:^yf^^!> 

J»7? uisT — ^ (7. 4g) , df!i^7'f7^ 
(BX-55Z, 6. 8 2 0 g) 7W<-^f7^/f 

h/U^C02-^^yv (50g) t is? u^=5ri7-y V 

(5 0g) (©g^ttjeaox.* -<>r^ h-^>x— tj^t-i 

2B*|SJ»ttU (4 0 0 g) t^3%Oi 

K7AS:CGfia^»-ef*-f ^^3- >^L, 100 
tT?5»fB(S*Lfc D xF7t Kp77> (249g) 
t 1 , 4 -^^-^rih>- ( 1 0 6 g) ^t'X7x/-/U 
- A^fy * — h (MAKRO LON- 5 2 0 8, 
-<^T— (Bayer), 6 2. 3 0 g) , -O^v^v?^ (2 
6. 7 0 g) A^»»H^SlfV«l«ri«»L^. K7/nC 
^ — 7">f ^r/^n/cCG/i^CTfiti^^^T-V ^3 
— 7"^>^L, 1 2 0 f C-eiB*IWft«Lrft2 0. 9m 
g /4 4 *T>f >?-<D*-zf j ls'/&&*:'fttz. 0 ItOK7i^ 

co'€M4#«-(i, ^t^uee (vo) ^-e 4 5v, zmmrn 

(V r ) ^~ 1 1 0 V, U%U'$L&2 2 V/#, 0. 2 3 
u J / c m 2 (Ox^;^- \CtertZ>-gJ£i>>- 1 7 5 Vt' 

[00 6 4] ^tfe^J 2 : m$/'^ >y—V>ltm& 4 5 
/ 5 5 tr B X — 5 5Z/7x7 -V *>*»IIH (2 5/7 5) 

^X^ 7 Xt-X(6 0mf) ^tiC^^yf^^^ 

A7^pyr^y (7. 4 g ) , # y t'^/uy^v^^ 

(BX-55Z, 2. 28g) , 7^y^r'><SflM (PK 
H H , 7i/^i/7y v'^.-f % y (Phenoxy associates) , 
6. 8 2g) T>v<— 7y^^4<hyU^C0 2-y^y 
V (5 0g) t ^n^r-fry > (5 0g) (OrS^^IC 
^11^, ^sO-h-is^-timx-l 2WMm#)L, 2-7 
? y > ( 4 o o g ) x-m 3 Lfc a & 

T'7>fy^-7>fy^lTl 0 0TC-C5»|II|R»L 
/i e rh7th'P77y (2 4 9 g) M, 4 ->*;** 
if> (1 06g) ^^7x7- yu-A^ l J 



(14) 



«HW f- 11-271991 



— h (MA K ROLON-5 2 0 8, ^7- (Bayc 
r), 6 2. 3 0 g) , 'Oiti/^ (2 6. 7 0 g) 7J>^ 

/--CGj?3arCTfiQ^ife4 I T*T r >f y7 , 3-f^>'^U 1 
2 0 tt? I B*lll|ft*Ltfi 2 1 m g /¥-*W >^<0^ — 

(Vo) ^-6 9 3V, ^-^Tt/E (Vr) 7^-9 OV, 
\\&WSttffi I 5 V/&\ 0. 23uj/cm 2 OOrc^/U^ 

[0065] geirtfiw 3 : nm/'^ >y—<nitmtf 4 5 

/5 ^->»JIB (2 5/7 5) 

Xi/7^t-X' (6 0ml) <l:^:t= 3 ryf^^7 
^ a i/T~> (7. 4g) , ^!lf-^f7- /i- (B 
X-55Z, 6 . 8 2 0 g ) , yzr./^- (l } KII 
H > 7x7 ^'>rv >> (Phcnoxy associates) , 

2. 28 g ) rwW7^^ h^4'co2-y^y 

> (50g) ^'>^D^f/v (5 0g)" ^il^Wc 

^yy (4oo g ) -e#5j3%<oH»»*-e#»iufc 0 & 
7>r^3-f^yu 1 #[fgigMT-$yt U CGm 

fc„ 7h7t Ko77> (249g) a, 4 - i/** 
(I06g) ^(Dt"X7x/- ;l/-A^!i aJ<^ 

— h (MAKROLON— 5 2 0 8, (Bayc 
r), 6 2. 3 0 g) , s<>i?i?>> (2 6. 7 0 g) frb 

tz C G m £ C T EE^ft + -C'rV^^^-r^yu I 
2 O °C-C I njlfflftflfc LT» 19. 6 m g 

(Vo) ^-6 9 6V, SeSfSffi (Vr) 7^-7 3 
V, HffSHttrit I 4 V/#\ 0. 2 3 u J/c m 2 
KfcltSiffijaEtf*- 1 3 3 VT^o/c Q 
[0 0 6 6] matt* W #9 y ^WflB*^— *& LfcK 

^^r^K^»'j4 : mn/'<4 >y-<Ditm&4 5/ 

5 5t'BX-5 5ZA^/y#7^il (7 5/ 

2 5) Sr^tfMWj^E^lt WT^-tSI-WRL 
7t 0 ^7^-X^/7Xt'-X(6 0ml) dr-^C^y 
f^^7^D^7^> (7. 4 2g) , ^Ut'^/U 
-f^=7—/v (BX-55Z, 6. 80g) , 
#7 WAR (^y [ (7^^/u^LI y^/ux-r/i') 

— c o-i^*>^ P-<y^v/xy] , ryu K!i yfr^ii 
WW^- (Aldrich Chemical Co..) 2. 2 7 g)) 
2:, 7y/<- y/^^/ii>/u4 I 60 2-y^y > (7 5g) 

o^=fr-tf-y > (50g) 0>S**MC»l;i, ^ > 
h-*/^ — ii^X- I 2B*WHMBiU 2-^^y> (3 2 
5g) -CfltfRLfc, fc^-C, HMHMfcLfcT/U5 
K7A^CGS!^T'r^ y/^-r^y^L, 100 
C CT* 5 ^Bflffiitt L7t c fh7t Ko77y (2 4 9 g) 



> 1 , 4-v ; ^ :3 r-f->' (I0 6g) 'pCOf^^aiy — 

— A r]i y * — j}f*— h (MAKRO LON- 5 2 0 8, 

— (Bayer), 6 2. 3 0 g) , (2 

6. 7 0 g ) frbmm<nB£&VJ&W'$$Lfz s K7AI; 

^ 7 1 -Y yy^/tcGi^cTE^n-fV 

-7>fy^L, 1 2 OtX' lB*IBtt*UTtt2 0. 5 m 

g yf (7)3-7 y /IIS: W: fl :^K^ 

03«fl¥H4tt, S^fgm (Vo) 7*^- 6 6 2V, 0. 2 3 
u J /cm 2 cOm^yU'^r— K*3f*fcfiiJGE#— 9 OV, 
fflftfti 2 5 V/S?-Cfeo^: 0 

[0 0 6 7] HlfiM 5 : &1*4//M tt>tt#W 4 5 

/5 5t'BM-S/x^y/;f7-7^« (7 5/2 

5) *-&trftfflWfcKS*«:, WTtf>J;5fc:iBI«Lfco 

tfyp — X#^*t'— X (6 0ml) t^i:^yf^ 

=--VM>y pn^r—y (7. 42 g ) , *° y br^/uy^- 

7— As (BM-S, 6. 8 0g) , x^yy^'7^ 

mm c (y^^^y ->>vuol— tvio - co - 

^—(Aldrich Chemical Co. ,) 2. 27g)) T W< 
—#7*^ Yjis^(D2--J$ / V (5 0 g) <^>^u — 
^r^y> (7 5 g ) «ft&4*fc:*Dx., ^yh-yx- 

1 2fl#r« E ]S®jL, 2-zf9J> (3 2 5 g) 
<£*Lfco 7h7t Ko77> (249g) tl, 4 - 

v-^-^r-^^ (I0 6g) ootrx^y — yu-A^y # 

— tfOfc— h (MAKRO LON- 5 2 0 8, T^— (B 
ayer), 6 2. 3 0 g) , ^y^V (2 6. 7 0 g) 

U 1 2 Ott 1 Lt^ 2 0 m g yf 

60^— x^r v^m^^^c K7 AcomM^tttt, 

(Vo) 7)^- 6 62 V, 0. 23uJ/cm 2 <7) 
^*3ltStt£Ed?- 10 2V, Vgm'&fr 1 7 V 

[0068] mmm e wm/^ >y—coit%w 4 5 

/5'5tBX-5 5Z/*78*i'StiZ s 7y*mfi (2 5 
/ 7 5 ) t D E 1 1 H 7 h «r^trjft«!(Hj4:fiil-& 

(6 0ml) t^^y^^^i.7^P>'7=y 
(9. 3 8g) , ^yt'^T'f^-^ (BX-5 5 
Z, 8. 5 9g) , x.i&*^/i&7 yfffiffi (mi) 

ft K] , T/U K y -y^^- ^ ^771^^7 >-^^— (Aldrich C 
hemical Co. .) 2. 86g)) itf^X^h^ 
«^(7) 2 -7'^ y > (85g) t>^n^^r-^yv (40 

g) cois^tcttix.. ^> h-v-^-^^^i 2o$nn 

mmL, 2-7? y> (2 7 5 g) T^T«RL/!l c Jfc^ 
T% Mf b L A:7yu ^ ^ A K 7 ^ ^ C G E&fet'f • 



(15) 



VfWAW- 1 1 -2 719 9 1 



h7tKn77^ (259. 6g) t 1 , 4 - C^-^-tf- 

> ( I 1 I . 4g) 1Wi^X7j.y-^-A^'J^-,1t' 

h (MAKROLON-5 2 0 8, ^7- (Bayc 
r), 3 7. 6g) , DKH (3 7. lOg) , 
0 0 (4. 5 8g) , rir h'//K^D- (0. 6 8 
g) A^VSUig^&i&WtrnMU^:. K^-Mia-^-f 

12 0 c CT'UfflfflLT^16. lmg/W 

flitt, ffifliffi (V o) ^- 695V, 0. 23uJ/c 
m* W3i*/L^— iCLfcttSWia*- 13 5V, lljJu 1 ^ 

[0 0 6 9] =-7&*iffflRt:'<-*k LfcE^*«)«» 
:CJj[lif/'] 7 : s tfJit-tW 45/55-CBX 

-5 5ZA^>« (7 5/2 5) fcftfrlUfflWft 

— X (60ml) tftmyf^^!)iN7^Dv'7- 

> (7. Og) , ^y^/uyf7-/> (BX-5 5 
Z, 6. 8 2 g) , x^>>/|i)fi (E p o n 1 0 0 4, 
>^yU7J (Shell Co. ,), 2. 2 8g)) T 

^7X;Jf h/V»f<&2--/* />- (32g) 
n^^^/V (3 2g) jnmfrttSwAist, ^>h-'> 
zr_ — ^rjax* I 2ll*IHtf,»JU 2-^^y>- (2 5 8 g) 
T*#J4. 7 "ClMKLfco &^T\ IftM&l&fcL 

lOOtt'S^^I'ffi-Lto fh7t KP77 

> (2 4 9 g) <t 1 , 4- ^-^ih> (1 0 6 g) *\*<D 
tX7 y — /U- A7jf y 5& — — h (MAKROLO 
N-5 2 08, s<4 T — (Bayer), 3 7. fig) , 
'>'^ (2 6. 7 0 g ) ?^ fe»»jfc!} L 

-£7*4 tW^U 1 2 orr-in^Ra^LT 

(7) K57A(0®^U^rt, ffifflF. (V o) 6 9 6V, 

aviYitin-: (v r ) /^4 8v, off£*«wt i 4 v/#, 

0 . 23uJ/cm 2 (/oc t/^=^— J-^tt^ilHK^- 8 

[0 0 7 0] 3£Jtti(fl8 : flj»/'<>r WJtW4 5 

/55T-BX-55Z /^-/Jf* ->J&JjF? (2 5/7 5) £: 

-x/y 7 xt-x (6 0mi) fcAfcisMp-y — 

y ? ui/T — l' (7. Og) , tff U 

(I5X-5 5Z, 2. 2 8 g) , 3utf=V>»JIB (E p o 
n! 0 0 4, ->3i/U;(l (Shell Co. ,K 6. 82 

g)) Tl"<—iJ s 7*tfy>A'ty<»2--?9 J > (3 
2g) <!; >^ o-^i^y > (3 2g) ^^^feWJll*., 
> h-S/a — 77<fT' 1 2P$fi!]t3»lU 2-^^y>- 

(2 5 8 g) T*^4. 7%[S^»^T'^rlRL^: £ 

>f y7 P 3-r>f>'^U lOOtT'5 5>fn1M-Lf: a ^ 



h7tKD7 7 > (2 4 9 g) > 1 . 4 -iSx-Ws 
( I 0 6 g) *V<D t'x^zr. y — yu-A;K U *— -K*— h 
(MAKROLON-5 2 0 8 , -<-T 7* — (Bayer) , 6 

2. 3 0g) , sOiti/^ (2 6. 7 0 g) ft>t>&0jJ3 

fti^cTid^r^-er-v i 2 or 

T? 1 ^ntt« LT$J 1 6 m g /*P#>T >-^<7) =3 -f ^ 
^ftSr^^c :«)K9A«B«»tt(4, AWttE (V 
o) 7^-6 9 9 V, afflVUffi (V r) 7^- 7 7 V, 
'»9V/^\ 0. 2 3uJ/cm 2 ^^H:io 
(*6flME#- 14 8 Vt'^ot 

[0 0 7 1 ] ^ffitfij 9 : >?-(D\£*W 3 5 

/65tBX-55Z /zr-tf* 'VftfJlg (7 5/2 5) £ 

ftfc*HWtt(E^*tt, K FwJ:9Jc«»Lfc. tf?y* 
-XTy^Xt'— X (6 0ml) fc#fci3|-*y — 
y^u^Tzz.^ (5. 2 5g) , t^A-y^^-zU 
(BX- 5 5 Z, 7. 3 1 g) , ^tf*cisffim (E p o 
nl 0 0 4, v/x;U*y/^- (Shell Co. ,), 2. 4 4 
g)) £\ rw<— fJy^tf b/istp<D2-y? / > (3 
Og) tiy^n^^-y > (3 0g) (O^#j{^0x., 

(2 4 0 g) -e«5j5%HJB»S"C#«4Ufc. »C^T% Kg 

^-^^>-^L, 1 0 0°CT 5»IJI]*R:» LfCo -r h7 fc 
KP77^ (249g) £1, 4-v^^iT-;/ (10 6 
g) cfiCOfcfX^^y— )V— A^U tJ<^>— h (MAK 
ROLON-5 2 08, ^T-(Bayer), 62. 30 

g) , -<>i^^> (2 6. 7o g ) frtD»mm<r>&&yo 

fiil^^^Tr-^-r •r-f^^L, 1 2 0 : CT'lP*Rg 

K*6LTft2 4mg/W>fyfW3-f^ y^fiM 
^f^ 0 :^)K7A<?)SMfMll ^f®3E (Vo) ^-6 
9 6 V, ^^m/± (Vr) J&S-8 0V, B^»^2 3V 
/#, 0. 2 3 u J /c m 2 <Dx.*/U*f— |C*5lt6«EE 
/j^- I 4 I Vt'foot 
[0 0 7 2] ^Atuf^J 1 0 : Mfl/^M >^y— C0JtH*/) ? 3 
5/6 5 TB X - 5 5 Z/j-#*5'ttNiB (2 5/7 5) 

^-X^7^t'-X (60ml) t^I^Vf^^^ 
A7^Pi/7^ (5. 2 5g) , ^Hf^/f^- 
;U (13X-55Z, 2. 44g) , ^/^^r ->$t«g ( E p 
on 1 0 0 4, '>xy^y/^- (Shell Co. .). 7. 3 
1 g)) ^r, T>/<— hA^tf^-:/^/ > 

(3 0g) i: p — ^riT-y >- (3 0g) <ofeftVo\zM 
x., -<-r ^ h— ^'MTM 2n¥IiSM®iU 2-^^ 
y> (2 4 0 g) r^5%©/f^^T'^L^ 0 
■e, MIC Lf: 7/K ^ A K7 A ^ C G K^tf 
^ . y T'n-TV l0 0tt'5»P«lf: o r 

h7fcKD77y (24 9 g) <b 1, 4 - l/^ ^r+j-V 

(I0 6g) ^(Of X7xV — yU— AaK U 7^ — tf^r* — b 



(16) 



t*|JI)5p 1 1 -2 7 1 9 9 1 



(MAKRO I.ON- 5 2 0 8, T — (Bayer) , 6 
2. :H)g) , sO>isis:s (2 6. 7 0 g) frh&iW 

i%CTE&fe l K'f>77^-f>fy^/L, l 2 0 C C 



o) #-6 9 8 V, mflfllfc (Vr) ^-6 5V, H{J^ 
tft/;* 1 9 V/&, 0. 23u J/cm- OOm^/U^— 
*5!t5Vtt/J-:* ? -8 1 VCifeot, 
[0 0 7 3] wix&»ffioSJft«wSEbWe>^-t?fc 



7 n >- f^— ^6Qj$fi£ 



(71) WIS A 591194034 

LKXMARK INT E RNAT I ON 
AL, I NC 

T> U 40550 -Jr^ y=*— , 

- D — K 740 

(72) %ifl* *^-r^ • 

T ^ ]) #&lfcm 80303 =3 n v b\ 
sy K ■ >JJ\> 850 



7^y^7 80303 = p 7 h\ 

5594 

_(72)«w* h * y • 7>-#v • * y ^«yr-tr^ 

7 ^ y # 80503-7206 =a o 7 h\ 

K h 72, 

y h . n — K 8060 

(72)^pj1# ^y--=i!Jy'A^ 

7*})J3&%m 92107 *y7t/^7, 
i^V - -rV^^\ t^- 202, y h ■ * 
h y — h 2449 



(17) 



ttM7- 1 1 - 2 7 1 9 9 1 



[wa.«i»,<H 

1. Title of Invention 

ELECTROPHOTOGRAPHIC PHOTORECEPTORS WITH CHARGE 
GENERATION BY POLYMER BLENDS 



2. Claims 

1 . A photoconductive member comprising 

a conductive substrate, 

a charge generation layer on said substrate comprising a blend of 
( J *- : * polyvinylbutyral and one or a blend of epoxy novo lac resin and an epoxy capped 

polymer which is a derivative of bispheno! and epichlorohydrin, and 

a resin layer on said charge generation layer having a charge transport 
molecule dispersed in said resin layer. 

2. A photoconductivc member as in claim I in which said charge generation layer 
comprises a blend of polyvinylbutyral and epoxy novolac resin. 

3. A photoconductive member as in 2 in which said epoxy novolac resin is 
polvtphenyleneglycidylether)-co-formaldehyde] or poly[o-cresylglycidylether)-co- 
formaldehyde] of number average molecular weight of about 605 g/mol. 

4. A photoconductivc member as in claim 2 in which said epoxy novolac resin is 

( • » 

^ . ^' poly[phenyleneglycidytether-co-dicyclopcntadiene] epoxy novolac resin of number average 

molecular w eight of about 49G g/inol. 

5. A photoconductive member as in claim 3 in'which said polyvinylbutyral and said 
epoxy novolac resin have a weight ratio in a range of about 90/10 to about 25/75 
polyvinylbutyral to epoxy novolac resin. 
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6. A photoconduetive member as in claim 4 in which said polyvinyl butyral and said 
epoxy novolac resin ha\e a w eight ratio in a range of about 90/10 to about 25/75 
polyvinylbutyra! to epoxy novolac resin. 

7. A photoconduetive member as in claim 1 in which said charge generation layer 
comprises a blend of polyvinylburyral and epoxy capped polymer. 

8. A photoconduetive member as in claim 6 in which said epoxy resin has the following 
formula of a weight average molecular weight between 4,294 to about 26,869, where n is an 
integer: 



ch^—cm-ciM-o 



CH 3 



CR, 



O 

/\ 



C -^-l">-CHa-CH-CH 2 -"0-^-C O-CIU-O l-CH 2 

CH, OH Jn CHs 



9. A photoconduetive member as in claim 1 6 in which said polyvinylbutyra I and said 
cpoxy resin have a weight ratio in a range of about 75/25 to about 1 0/90 of polyvinylbutyra! 
to epoxy resin. 



3. Datailed Description of Invention 

This invention relates to improved photoconduetive elements for electrostatic 
imaging. More specifically, this invention pertains to charge generation binders 
(polymers) of blends with polyvinylbutyra! to enhance the electrical characteristics, i.e. 
increased sensitivity, and decreased dark decay. This invention seeks improvement in 
the electrical characteristics derived by the use of the binder, rather than increasing the 
pigment or charge transport molecule in the formulation. 

An organic photoeonductor typically comprises an anodizxd layer on an 
aluminum drum or a barrier layer, a charge generation layer (CGL) and a charge 
transport layer (CTL). The charge generation layer is made of a pigment, such as 
metal free or metal-phthalocyanine, squaraine, bisazo compound or a combination of a 
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bisazo and trisazo compounds. The mechanical integrity to a charge generation (CG) 
layer is often derived from a polymeric support. Various polymer binders have been 
used for this purpose. Some of these polymers are polyvinylbutyral, polycarbonates, 
epoxy resin, poiyacrylate, polyesters, phenoxy resin, phenolic resins to name a few. In 
the case of phthalocyanines, polyvinylbutyrals (PVBs) have been the polymers of 
choice. This polymer may be used in combination with other polymers. Although the 
patent literature abounds in a number of publications with respect to the use of PVB, 
and a mention of phenoxy resin as a supporting binder, no mention is made of the role 
of the phenoxy resin, or the use of blends corresponding to phenoxy, epoxy or epoxy 
novolac resin with PVB. This invention focuses on the improved electrical properties 
derived from the phenoxy resin, epoxy resin or epoxy novolac resins, when used as a 
supporting polymer binder in the charge generation layer. The improved electrical 
characteristics relate to improved dark decay and sensitivity, while retaining good 
adhesion (with respect to PVB) and structural integrity. 

Phenoxy resins have been reported to serve as polymer binders for tysa7X> 
pigments. Er 708 374 Al (1996) demonstrates the use of a phenoxy resin as a binder 
for a bisazo pigment. The authors refer to some agglomeration in some of the 
dispersion formulation based on the phenoxy resin, but attributed this to the 
combination of the coupler residue and the azo pigment. Some of the other patents 
relating to either a use or a possible use of the phenoxy resins as binders with bisazo 
pigments are JP 03158862 A (1991), JP 03116152 A (1991) and JP 01198762 A 
(1989). The Japanese patent 03282554 A (1991) demonstrates the use of a phenoxy 
QgJ resin as a binder for a metal-free phthalocyanine and using 1,1,2-trichloroethane as a 

solvent. Other patents pertaining to the phthalocyanine based phenoxy resin 
formulations include JP 02280169 A (1990), GB 2 231 166 A (1990), US 4,983,483 
(1993) to name a few. Limburg et al. (EP 295 126 A2, 1993 and US 4,818,650, 1987 
have discussed the use of a polyarylamine phenoxy resin as part of the charge transport 
layer in the preparation of a photoreceptor. The above photoreceptor was shown to 
exhibit improved resistance to cracking during mechanical cycling. Phenoxy resin 
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based polymers have also been used as undercoats in the preparation of 
photoconductors (e.g. JP 03136064 A, 1991). 

The use of the phenoxy resin as a binder is hence fairly well known. However, 
it was surprising to note in this invention, that the phenoxy resin can be used to 
improve the electrical characteristics of the photoconductor. The use of the phenoxy 
resin as blends results in improved electrical characteristics, without having to increase 
either the pigment or charge transport molecule concentration, which in turn relates to 
lower cost of the resulting photoconductor drum The use of the polymer in 
formulations investigated in this invention has not been reported in the patent literature. 
The importance of this invention can be extended to the use of the phenoxy resins in 
the preparation of photoconductors required for high speed printer applications which 
would require high sensitivities, low dark decays and use in any environmental 
condition (ambient, hot/humid or cold/dry). The dark decay for these formulations 
improve by 5-40%, the change in electricals in various environments is usually less 
than 35V and the sensitivity measured at most energies are improved, in comparisons 
to photoconductors comprising of PVB as CG binder only. 

The inventors found that the use of the phenoxy resins as a pure binder results 
in highly unstable dispersions of the titanyl phthalocyanine and hence cannot be used 
in the coating process of photoconductor drums. However, the use of the phenoxy 
resins as a blend with PVB, results in stable dispersions and the resulting 
photoconductor drums are found to exhibit superior electrophotographic properties 
such as low dark decay's and high electrical sensitivity's. 

The use of epoxy novolac resins as a binder polymer in the charge generation 
layer of an electrophotographic photoreceptor is not known in patent literature. 
Epoxy resins have been used in the preparation of barrier layers, adhesive layers and 
charge generation layers. In a similar manner, phenolic resins have been shown to 
improve the adhesion of the CG layer to the aluminum core. Epoxy-novolac resins are 
essentially a combination of the epoxy resins and the phenolic resins. The resin system 
can be cross-linked either chemically or thermally. The cross-linked resins usually 
result in enhanced mechanical properties in comparison to their precursors. The 
thermal cross-linking reaction can essentially be brought about during the curing of the 
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CG layer. The chemical cross-linking may bz brought about by the addition of catalysts 
such as titanium alkoxides. The epoxy functionality and the phenolic functionality not 
only impart good mechanical integrity to the charge generation binder, but also 
improved adhesion of the CG layer to the aluminum core. 

Several patents in the literature refer to the epoxy resins as possible in binders 
in the sub-layer, charge generation or charge transport layers. For example, US 
5,240,801, 1993 lists the epoxy resin as a polymer for a protective coat layer. JP 
621 194257 A, 1987 suggests the use of epoxy resin as a binder for an oxazole charge 
transport molecule. EP 180 930 A2 (1986) (Mitsubishi Chern. Ind.) lists several 
binders for CG layer of which polyvinylbutyral and epoxy resin are two of them. JP 
56097352 A, 1981 lists binders in a general manner as those derived from addition or 
condensation reactions and refer to the epoxy resins as an example. 



In summary, it may be concluded that: 

a) An electrophotographic photoconductor drum may be prepared using a blend of 
polyvinylbutyral and phenoxy resin, epoxy novolac resins, or epoxy resins in the CG 
formulation or layer by a dip-coating process, followed by a charge transport layer 
coating, with enhanced electrical sensitivity and decreased dark decay of the 
photoconductor. 

b) The above resins may be used as blends with polyvinylbutyral (for example), at 
levels of 5-95% by weight of the polymer binder. The CG systems thus formed, result 
in improved electrical characteristics with various charge transport molecules namely, 
benzidines and hydrazones, and may be used with other transport molecules such as 
arylamines. 

c) The dispersions prepared are stable for extended periods and result in good coating 
quality. 
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d) The photoconductor drums show good environmental stability with respect to their 
electricals and print quality 

e) The molecular weight of the phenoxy resins may be in the range of 7,000-16,000 
g/rnol number average molecular weight. 

f) The epoxy novolac resins may have a number average molecular weight of 400 - 
1300 g/rnol, and may be substituted with groups such as hydrogen, methyl etc. 

g) The epoxy resins may have a molecular weight of 3,000-10,000 g/mol weight 
average molecular weight. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless otherwise specifically stated, the materials of this specification have the 
following structure . with components randomly disperse 

BX-55Z and BM-S polyvinylbutyral (PVB) : r ry pw 





'OH 



and 




CH 2 




CH 3 




Number Ave. molecular Wt.: 98,000 g/mol 
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V 



PHENOXY RESINS 

PKHH, PKHJ, PKHM and PKFE phenoxy resin: 

CH, 

_[ C H 2 -CH-CH 2 -OH@^C -<g)-0]- 



OH 



where n i 38 - 60 



Number Ave. Molecular Wt.: PKHH: 1 1,000 g/mol 

PHHJ: 12,000 g/mol 
PKHM: 7,000 g/mol 
PKFE: .16,000 g/mol 



EPOXY NOVOLAC RESINS 

P(GE-F): poly[(phenylene g]ycidylether)-co-formaldehyde] 




R = HorCH 3 where R=H; resin is P(GE-F) above where 

R-CH=, resin is poly[(o-cresyl glycidylether)- 
co-formaldehyde] . 
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Number Ave. molecular Wt.: about 600-1270 g/mol 
PC(GE-DCP): poly[phenylene glycidylether-co-dicyclopentadiene] 



Number Ave. molecular Wt.: about 490 g/mol 
EPOXY RESINS 



n = an integer consistent with the molecular weight of the resin 



Wt. Ave. Molecular Weight: 

EPON 1001: 4,294 g/mol 
EPON 1004: 6,782 g/mol 
EPON 1009: 26,869 g/mol 

BENZIDINE: 

N,N'-bi s^-methylphenylj-N.N 1 -bisphenylbenzidine 






CH, 



CH 3 
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DEH 



Et „ 

,N-0 — CH=N N 



Et 



\ 



POLYCARBONATE:MAKROLON - 5208 polycarbonate 




CH 3 
CH 3 



O 



APEC9201 polycarbonate 



-o-©-c ^g>-o 



c 

I 

CH 3 



O 
II 

-c 



O " 



H 3 C 
H 3 C 




CH 3 



The term "blend" is used in the normal sense of a thorough mixture. 

The phenoxy resins with number average molecular weight, Mn: 7,000 - 
16,000 g/mol (average molecular weight, Mw: 40,000 - 80,000) were used as blends 
with polyvinylbutyral (BX-55Z and BM-S, Sekisui Chemical Co.). This work pertains 
to the use of the phenoxy resins (PKHH, PKHJ, PKHM and PKFE; Phenoxy 
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Associates, SC, Phenoxy Resin: Scientific Polymer Products, New York) as blends in 
charge generation formulations. A formulation consisting of 45/55 pigment 
(oxotitanium phthalocyaninc) to binder, showed improved dark decay and electrical 
characteristics when the PVB binder was suitably blended with the phenoxy resin. The 
weight ratios used were 75/25, 25/75 and 10/90 of PVB/phenoxy resin. The 
dispersions were stable for the PVB/phenoxy blends. All data presented below 
correspond to the use of the same transport formulation, namely a polycarbonate 
(MAKROLON-5208, Bayer) and 30% benzidine (N 1 N'-bis(3-methylphenyl)-N J N , - 
bisphenyl-benzidine) at 20% solids in a mixture of tetrahydroturan and 1 ,4-dioxane. 

In contrast, the use of phenoxy resin without any PVB as binder for the 
oxotitanium phthalocyanine resulted in an unstable dispersion (phase separation). The 
PVB/phenoxy blends (75/25) resulted in good coating quality for the CG layer, 
whereas the higher phenoxy resin blends (75/25 phenoxy/PVB) required the drums to 
be double-dipped to obtain optimum optical densities in the CG layer, when coated at 
3% solids, although at 6% solids the CGs required a single- dip. The CG layers were 
coated with a benzidine-polycarbonate transport layer with a cure at 120°C for lh, to 
a coat weight of about 20 mg/in 2 . The adhesion of the CG layer to the aluminum drum 
core was improved with the higher temperature cure, exhibiting similar or improved 
adhesion of the coatings to the core in comparison to the standard BX-55Z based 
formulations. In comparison to the BX-55Z PVB as CG binder, the phenoxy resin 
blends with BX-55Z showed improved electrical characteristics. The dark decay - time 
data and the electrical characteristics for the blends at various cure conditions are 
shown in Tables I and 2, respectively. 



Table 1 

Variation of Dark Decay with Time: BX-55Z/Phenoxy Resins (75/25);(45/55) 
Pigment/Binder 





Dark Decay (V/sec) 


CG BINDER (CURE) 


1 sec 


10 sec 


30 sec 


60 sec 


BX55Z(100C/5 min) 


26 


129 


219 


305 


BX55Z/PKHH CAinb. Cure) 


26 


139 


267 


379 


BX55Z/PKHH (50C/5 min) 


19 


72 


142 


214 ! 


BX55Z/PKHH (100C/5 min) 


22 


81 


145 


212 


BX55Z/PKHJ(Amb. Cure) 


22 


80 


147 


213 


BX55Z/PKHJ (5DC/5 min) 


20 


73 


138 


200 


BX55Z/PKHJ (100C/5 min) 


20 


85 


145 


218 
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Table 2 

Electrical Characteristics of BX-55Z / Phenoxy Resins (75/25); 
(45/55 Pigment / Binder) 



J-.;-.: : CG: BINDER (CURE): : 


Charge Voltage 


:Voi 3 




{-Vo) 


::: :: (-V) : 


BX-55Z(lOOC/5 niin) 


658 


157 


BX-55Z/PKHH (Amb. Cure) 


638 


105 


BX-55Z/PKHH (50C/5 min) 


643 


112 


BX-55Z/PKHH (100C/5 min) 


645 


110 


BX-55Z/PKHJ (Amb. Cure) 


643 


105 


BX-55Z/PKHJ (50C/5 min) 


645 


105 


BX-55Z/PKHJ (100C/5 min) 


645 


112 



V 0 : 3 : Voltage at an Energy of 0.23 uJ/cm2 

All phenoxy resin blends had optical density of about 1.30 



In order to test the hypothesis that the phenoxy resin had a role in the improved 
electrical characteristics, a formulation was made such that the pigment concentration 
was decreased, namely, 35% instead of 45%. The results were identical to the 45/55 
pigment/binder ratio. The photoconductor drums exhibited lower dark decays and 
improved electrical characteristics. The dark decay and sensitivities were substantially 
improved for the higher phenoxy resin ratios. The electrical response characteristics 
are shown in Table 3 : 



Table 3 

Electrical Characteristics : BX-55Z / Phenoxy Resins ; (35/65 Figment / Binder) 



CG BINDER 


Charge Voltage 


\. • V ■ Vo^ 




(-Vo) 


(-V) 


BX-55Z 


658 


237 


BX-55Z/PKHH (75/25 


658 


188 


BX-55Z/PKHJ (75/25) 


658 


180 


BX-55Z/PKHH* (25/75) 


658 


122 


BX-55Z/PKHJ* (25/75) 


660 


116 



* Drums were double-dipped in CG formulation 
All drums had optical density Qf 1.30-1.40 
Vo.23 ' Voltage at an Energy of 0.23 uJ/cm2 



An extension of this work was to study the effect of the phenoxy resin on low 
molecular weight PVB. The resin chosen for this purpose was the BM-S PVB (Sekisui 
Chemical Co., Mn of 48000 g/rnol) which has a lower molecular weight than the BX- 
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55Z PVB (Mn of 98000 g/mol). The blends prepared were the 75/25 and the 25/75 of 
BM-S/phenoxy resin, respectively. The CG dispersions involving the hlends were 
siable and gave good coating quality. The dark: decay and electrical characteristics 
were improved, more significantly for the drums that were double-dipped in the CG 
formulation (for optimum properties, proper choice of the optical density was critical), 
in comparison to the BM-S standard formulation. As is evident from the electrical 
characteristics in Table 4. the sensitivity of the drums are increased if the drums are 
double-dipped in the CG layer coating process, which in turn correspond to higher 
optical densities. 



Table 4 

Electrical Characteristics : BM-S / Phenoxy Resins 
(45 /55 Pigment / Binder) 



CG BINDER 


Charge Voltage 


V 0 .» 




(-Vo) 


(•V) 


BM-S 


658 


117 


BM-S/PK.HH (75/25) 


658 


135 


BM-S/'PKHJ (75/25 


658 


142 


DM-S/PKHH* (75/25) 


650 


82 


BM-S/PKHJ* (75/25) 


653 


85 


BM-S/PKIIl 1(25/75) 


65S 


163 


BM-S/PKHJ (25/75) 


65S 


160 


BM-S/PKHH* (25/75) 


657 


85 


BM-S/PKHJ* (25/75) 


657 


83 



* Drums were doublo-dtpped in CG formulation, opf.cal density of 1.35, optical density of all 
others was 1 .20 

V o r y. Voltage at an Energy of 0.23 uJ/cm2 



Formulations containing a (bisphenol-TMC -co-bisphenol-A) polycarbonate 
[(BPTMC-co-BPA)PC, APEC 9201, Bayer] -benzidine transport solution were coated 
on a standard CG layer (BX-55Z) and the phenoxy resin/BX-55Z blend, and 
interestingly the phenoxy resin drums exhibited lower dark decays and improved 
electrical behavior. The electrical characteristics for the PVB/(bisphenol-TMC-co- 
bisphenol-A) polycarbonate are shown in Table 5. 

Another significant improvement in the use of the phenoxy resin was the 
limited fluctuation in the electrical characteristics at various environmental conditions. 

The drums formulated with the phenoxy resin/PVB blends were subjected to 
different conditions, such as ambient, hot/humid and cold/dry. The electrical response 
stability at different environments is evident in the phenoxy resin blends, as seen in 
Table 5. 
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Table 5 

Electrical Characteristics for the CG/CT binders 





y\MBIENT ■ i72F/40% 
RHV 


: COLD/DRY <6OF/08% .: j 
RH) 


CG binder 


-Vo 


-V 0 23 


-Vo 


-v 023 


BX55Z//(BPTMC-co-BPA)PC 


658 


185 






BX55Z/PKHH (75/24)// 
(BPTMCk:o-BPZ)PC 


662 


145 






BX55Z 

(45/55, PIGMENT/BINDER) 


658 


192 


645 


225 


BX55Z/PKHH (25/75) 


647 


112 


642 


140 


BX55Z/PKHJ (25/75) 


647 


115 


642 


152 


BX55Z 

(35/65, PIGMENT/BINDER) 


658 


237 


660 


282 


BX66Z/PKHH (25/75) 


658 


122 


660 


155 



A significant improvement in the electrical behavior at various environments is 
further manifested in the print quality that one obtains for the photoconductor under 
these environmental conditions. In contrast to the standard BX55Z based formulation, 
the phenoxy resin blends, exhibited good isopel optica! density (O.D.) and single pel 
performance at ambient, hot/humid and cold/dry conditions. For example while the 
isopel O.D. for BX55Z at ambient, and cold/dry were 0.31 and 0.18, those for the 
phenoxy resin blend (25/75 BX55/PKHH) were 0.62 and 0.32. Print quality is usually 
improved if the isopel O.D. is high and the loss of single pel in cold/dry conditions is 
not observed for the phenoxy resin blends. 

The epoxy novolac resins used as blends were poly[(phenylene glycidyl ether)- 
co-formaldehyde] [P(GE-F)] (Mn of -605) and poly[(phenylene glycidyl ether)-co- 
/ ' % dicyclopentadiene] [P(GE-DCP)] (Mn of -490) with PVB (S-Lec-B [BX-55Z and 

BM-S], Sekisui Chemical Co.). Formulations consisting of 45/55 pigment 
(oxotitanium phthalocyanine) to binder, showed improved dark decay and electrical 
characteristics when the PVB binder was blended* with epoxy novolac resin. The blends 
were prepared at weight ratios of 90/10, 75/25, 50/50 and 25/75 of the PVB to the 
epoxy novolac resia All stable formulations resulted in good coating quality. The CG 
layers involving the above formulations were typically cured at 100°C for 5 min. The 
charge transport (CT) layers coated on the CG layers were benzidine-polycarbonate 
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and cured at 120°C for lh, to a coat weight of about 20 mg/in2. The electrical 
characteristics of drums coated with the above formulations are given in Table 6. 

Table 6 

Electrical Characteristics of Epoxy Novolac Resin CG Blends with Benzidine 



;/3inder: 


■ Pn\nrriTiT¥if»n 
£JlJ> ll.VIUIfvU. 




Charge .;. 
V*vj 


i/ISvilaige 


L/dltk. ■.. 


R»rVi! : *V : 
DauKr : - 


Isopel ; 


vj en vj a LJtui i 


t 


: riAii'ci tit/ - - 




'T\&i+*k\T : 

l^CUdJ . . . 

\^ Y/Scyjj 


gruuiiQ. ;.. 


n n 

SJ.L*. ... 


Layer) : 


















Ambient 


1 .3D 


ool 


\yl 


1 Q 












ooz 






n ^ 


n i& 


BX-55Z/P 


Ambient 


1.36 


658 


147 


25 


0.61 


0.42 


(GE-DCP) (90/10) 


cold/dry 




645 


195 




1.23 


0.22 


BX-55Z/P 


Ambient 


1 24 


662 


90 


21 


0.62 


0.56 


(GE-DCP) (75/25) 


cold/dry 




663 


110 




0.32 


0.35 


BX-55Z/P - 


Ambienl 


1.38 


662 


82 


20 


0.45 


0.64 ! 


(GE-DCP) (50/50) 


cold/dry 




660 


102 




0.49 


0.37 i 


BX-55Z/P 


Ambient 


1.33 


663 


100 


12 


0.37 


0.55 


(GE-DCP) (25/75) 


cold/diy 




662 


135 




0.59 


0.29 


BX-55Z/P 


Ambient 


1.36 


663 


117 


34 


0.51 


0.57 


(GE-F) (75/25) 


cold/dry 




660 


137 




0.64 


0.33 


BX-55Z/P 


Ambient 


1.37 


663 


97 


22 


0.40 


0.60 


(GE-F) (50/50) 


cold/dry 




662 


120 




0.49 


0.33 


BX-55Z/P 


Ambient 


1.35 


663 


98 


18 


0.71 


0.58 


(GE-F) (25/75) 


cold/diy 




662 


130 




0.39 


0.29 



* Ambient : 72°F / 40% Relative Humidity (RH) 
**Cold/Dry : 60°F / 08% RH 

Discharge Voltage corresponds to voltage at energy of 0.23uJ/cm2 



As is evident from Table 6, the addition of the epoxy novolac resin in the CG 
layer improves the electrical sensitivity and the dark decay. Another significant 
improvement derived from this system, is the stability of the photoconductor drum's 
electricals at different environmental conditions. While more often than not, the 
electricals slow down to a large extent in a cold/dry condition (60F/08% relative 
humidity), the epoxy novolac resin blends show a small variation and result in better 
prim quality [background and the isopel optical density (Isopel O.D.)] in comparison 
to the non-cpoxy novolac resin blend. In most cases, the electrical discharge voltage at 
an energy of 0.23uJ/cm2 show a variation of about 20-30V with the change in 
environment (72F/40% RH to 60F/08% RH), and the photoconductor exhibits better 
sensitivity than the non-epoxy novolac resin drum at ambient condition (72F/40% RH). 

In order to test the theory that the improved electricals were derived from the 

use of the epoxy novolac resin, that resin was blended with a lower molecular weight 
PVB, namely BM-S (Mn of 48000 g/mol). The results were identical to the BX-55Z 
formulation experiment, i.e. improved electrical sensitivity and dark decay (Table 7). 
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Table 7 

Electrical Characteristics of Epoxy Novolac Resin Based CG with Benzidine 



:. ;. Binder : 


Errvironmen 


: Optical. 


Charge: 


: Discharge 


■i Dark 


Back; 


Isopel 




t 


Density 


(-V) 




Decay 


ground 


O.D. 






co;d ) 






!(V/sec) 






BM-S 


Ambient 


1.21 


658 


117 


20 


0.77 


0.43 




cold/dry 




660 


187 




0.66 


0.23 


BM-S/P (GE-DCP) 


Ambient 


1.29 


662 


102 


17 


0.58 


0.46 


(90/10) 


cold/drv 




662 


138 




0.53 


0.28 



It may be argued that the increased sensitivity and decreased dark decay are 
due to the use of a lower molecular weight binder in the CG. The advantage derived is 
that, whereas the epoxy novolac resin as a CG binder (100%) results in an unstable 
dispersion, and the use of a PVB as a CG binder results in lower sensitivity, the 
combination of the polymers results in a stable dispersion and optimum electricals. 
While the use of a low molecular weight PVB may result in increased sensitivity (BM- 
S Vs BX-55Z), it is clear that the blend involving the epoxy resin increases the 
sensitivity irrespective of the molecular weight of the PVB binder The use of a low 
molecular weight PVB often results in CG wash, during the CT coating. However, this 
problem is alleviated by the use of the epoxy novolac resin blend. 

To further test the validity of this invention, formulations based on lower 
pigment level namely 25% and 35% were chosen, and photoconductor drums 
formulated. As seen in Tables 8 and 9, the theory that the use of the epoxy novolac 
resin blend in the CG results in improved electrical characteristics still holds. 

Table 8 

Electrical Characteristics of Epoxy Novolac Resin Based CG with Benzidine 



Transport (35% 


*igment 


concentration) 






Binder 


Environment 


Optical 
Density 

(O.M 


Charge 
(-Y) 


: Discharge 


Dark 
Decay 


Back 
ground 


Isopel 
OD 


BX-55Z 


Ambient 


1.4 


660 


275 


70 


0.61 


0.29 




60/08 




665 


310 




0.47 


0.20 


BX-55Z/P 


Ambient 


1.29 


663 


115 


27 


0.12 


0.55 


(GE-DCP) (75/25) 


60/08 




665 


147 




0.48 


0.33 


BX-55Z/P 


Ambient 


1.29 


665 


122 


27 


0.58 


0.46 


(GE-F) (75/25) 


60/08 




665 


160 




0.53 


0.28 
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Table 9 

Electrical Characteristics of Epoxy Novolac Resin Based CG with Benzidine 
Transport (25% Pigment concentration) 



Binder 


Environment 


: Optical 


Charge: 


. Discharge 


Dark 
; Decay 
: (V/secj . 


■•: Back 
ground 


Isopel : 

dp. 




Density 
(0:D.) I 


<-V) 




BX-55Z 


Ambient 
cold/dry 


I 28 


660 
665 


277 
313 


68 


0.62 
0.35 


0.29 
0.18 


BX-55Z/P 
(GE-DCP) (75/25) 


Ambient 
cold/dry 


1.34 


662 
665 


197 

230 


60 


0.11 
0.47 


0.41 
0.25 


BX-55Z/P 
(GE-F) (75/25) 


Ambient 
cold/dry 


1.38 


663 
663 


202 
237 


40 


0.35 
0.41 


0.42 
0.25 



To further explore the use of the epoxy resin CG, tests were carried out with a 
different charge transport molecule namely p-diethylaminobenzaldehyde 
diphenylhydrazone (DEH) Significant improvements in the electrical sensitivity were 
observed for formulations containing the epoxy novolac resin, both at 35% and 45% 
pigment levels. A summary of the results for the DEH system are given in Table 10. It 
may be noted that the DEH drums were not UV cured following the cure of the CT 
layer. 



Table 10 

Electrical Characteristics of Epoxy Novolac Resin Based CG with DEH 
Transport 



Binder 


Environment 


Optical 
Density : 

(° D > , ; 


Charge 


Discharge 
(-V) 


Dark 

(V/sec) 


BX-55Z 
(45% Pigment) 


Ambient 


1.4 


693 


275 


23 


BX-55Z/P 

(GE-co-DCP) (90/10) 


Ambient 


1.42 


692 


141 


20 


BX-55Z/P 
(GE-co-F) (90/10) 


Ambient 


1.49 


695 


135 


15 


BX-55Z 
(35% Pigment) 


Ambient 


1.38 


695 


243 


25 


BX-55Z/P 

(GE-co-DCP) (90/10) 


Ambient 


1.41 


695 


162 


18 


BX-55Z/P 
(GE-co-F) (90/10) 


Ambient 


1.48 


697 


157 


21 



The epoxy resins used as blends were EPON 1001, 1004 and 1009 (Shell 
Chemicals ) with polyvinylbutyral (S-Lec-B [BX-55Z], Sekisui Chemical Co.). The 
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EPON resins are epoxy capped polymers which are derivations of bisphenol and 
epichlorohydrin having weight average molecular weight of 4294, 6782, and 26,869 
g/mol respectively. Formulations consisting of 45/55 and 35/65 pigment (oxotitanium 
phthalocyanine) to binder, showed improved dark decay and electrical characteristics 
when the PVB binder was blended with epoxy novolac resin The blends were 
prepared at weight ratios of, 75/25, 25/75 and 10/90 of the PVB to the epoxy resin. 
All stable formulations resulted in good coating quality. The CG layers involving the 
above formulations were typically cured at 100°C for 5 min. The charge transport 
(CT) layers coated on the CG layers were benzidine-polycarbonate and cured at 
120°C for lh, to a coat weight of about 20 mg/in2. The electrical characteristics of 
drums coated with the above formulations are given in Table 11. 



Table 11 

Electrical Characteristics of Epoxy Resin (Epon 1004) CG Blends with Benzidine 
Transport (45% Pigment and 30% Transport concentrations) 



CG BINDER 
(CURE) 


Optical 
Density 


Dark Decay 

j (v/sec) ; 


Charge/ 
Voltage 
<-Vo) 


; <;V) M 


BX-55Z 


1.68 


20 


698 


190 


BX-55Z/Epon 1004 (75/25) 


1.48 


14 


695 


88 i 


BX-55Z/Epon 1004 (75/25) 


L35 


10 


700 


132 


BX-55Z/Epon 1004 (25/75) 


1.34 


9 


699 


148 


BX-55Z/Epon 1004 (10/90) 


1.34 


9 


696 


187 



Vo.;3: Voltage at an Energy of 0.23 uJ/cm2 



The formulations based on BX-55Z/Epon 1004 were then formulated with a 
35/65 pigment/binder ratio. The results of the thus prepared photoconductor drums are 
presented in Table 12. 



17 



t*M*p 1 1 - 2 719 9 1. 



Table 12 

Electrical Characteristics of Epoxy Resin (Epon 1004) CG Blends with Benzidine 
Transport (35% Pigment and 30% Transport concentrations) 



: GGBINDER : : : ; : 


Optical 


Dark Decay 
(V/scc) 


Charge 




(CURE) 


Density 


Voltaic 

■ 5: :( r V6y .: v: 


(-V) 


BX-55Z 


1.29 


45 


684 


237 


BX-55Z/Epon 1004 (75/25) 


1.82 


42 


686 


156 


BX-55Z/Epon 1004 (75/25) 


1.33 


23 


696 


141 


BX-55Z/Epon 1004 (25/75) 


1.61 


19 


698 


81 


BX-55Z/Epon 1004 (25/75) 


1.3 


15 


695 


161 


BX-55Z/Epon 1004 (10/90) 


1.34 


13 


693 


134 


BX-55Z/F.pon 1004 (10/90) 


1.23 


9 


694 


194 



V023: Voltage at an Energy of 0.23 uJ/cm2 



It is hence clear from the tables 1 1 and 12, that the use of BX-55Z/Epon blends 
results in a photoconductor with highly improved electrical characteristics of an 
electrophotographic photoreceptor. The results were identical for the use of the 
PVB/Epoxy resin CG formulations with different transports in the charge transport 
layer, such as diethylaminobenzaldehyde diphenylhydrazone (DEH) and 
diphenylaminobenzaldehyde diphenylhydrazone (TPH). 



Formulation of Phenoxy Resin: 

Comparative Example 1 : 

A charge generation formulation consisting of a 45/55 pigment/binder ratio was 
prepared as follows: 

Oxotitanium phthalocyanine (7.4 g), polyvinylbutyral (BX-55Z, Sekisui 
Chemical Co., 9.00 g) with Potter's glass beads (60 ml) was added to a mixture of 2- 
butanone (50 g) and cyclohcxanone (50 g), in an amber glass bottle, and agitated in a 
paint-shaker for 12 h and diluted to about 3% solids with 2-butanone (400 g). An 
anodized aluminum drum was then dip-coated with the CG formulation and dried at 
100°C for 5 min. The transport layer formulation was prepared from a bisphenol-A 
polycarbonate (MAKROLON-5208, Bayer, 62.30 g), benzidine (26.70 g) in 
tetrahydrofijran (249 g) and 1,4-dioxane (106 g). The CG layer coated drums were 
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dip-coated in the CT formulation, dried at 120°C for lh, to obtain a coat weight of 
about 20 mg/in2. The electrical characteristics of this drum were: Charge voltage (Vo): 
-683V, residual voltage (Vr): -80V, dark decay: 24 V/sec, Voltage at E(0.23 uJ/cm2) 
of-135V. 

Comparative Example 2; 

A formulation involving BM-S as the PVB binder at 45/55 pigment binder ratio 
was prepared as follows: 

Oxotitanium phthalocyanine (7.4 g), polyvinylbutyral (BM-S, Sekisui Chemical 
Co., 9.00 g) with Potter's glass beads (60 ml) was added to a mixture of 2-butanone 
(50 g) and cyclohexanone (50 g), in an amber glass bottle, milled for 12 h and diluted 
to about 3% solids with 2-butanone (400 g). An anodized aluminum drum was then 
dip-coated with the CG formulation and dried at 100°C for 5 rnin. The transport layer 
formulation was prepared from a bisphenol-A polycarbonate (MAKROLON-5208, 
Bayer, 62.30 g) : benzidine (26.70 g) in tetrahydrofiiran (249 g) and 1,4-dioxane (106 

g). The CG layer coated drums were dip-coated in the CT formulation, dried at 120°C 
for lh, to obtain a coat weight of about 20 mg/in2. The electrical characteristics of this 
drum were: Charge voltage (Vo): -689V, residual voltage (Vr): -60V, dark decay: 20 
V/sec, Voltage at E(0.23 uJ/cm2): -120V. 

Comparative Example 3: 

A formulation involving BX-55Z as the PVB binder at 35/65 pigment binder 
ratio was prepared as follows: 

Oxotitanium phthalocyanine (4.0 g), polyvinylbutyral (BX-55Z, 8.12 g) with 
Potter's glass beads (60 ml) was added to a mixture of 2-butanone (50 g) and 
cyclohexanone (50 g), in an amber glass bottle, agitated in a paint-shaker for 12 h and 
diluted to about 3% solids with 2-butanone (400 g). An anodized aluminum drum was 

then dip-coated with the CG formulation and dried at 100°C for 5 ruin. The transport 
layer formulation was prepared from a bisphenol-A polycarbonate (MAKROLON- 
5208, Bayer, 62.30 g), benzidine (26.70 g) in telrahydrofuran (249 g) and 1,4-dioxane 
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(106 g). The CG layer coated drums were dip-coated in the CT formulation, dried at 
120°C for lh, to obtain a coat weight of about 20 mg/in2. The electrical characteristics 
of this drum were: Charge voltage (Vo): -683V, residual voltage (Vr): -140V, dark 
decay: 51 V/sec, Voltage at E(0.23 uJ/cm2): -256V. 

Example 1 : 

A typical formulation involving a BX-55Z/phenoxy resin (75/25) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.4 g), polyvinylbutyral (BX-55Z, 6.820 g), a 
phenoxy resin (PKHH, Phenoxy associates, 2.28 g) with Potter's glass beads (60 ml) 
was added to a mixture of 2-butanone (50 g) and cyclohexanone (50 g), in an amber 
glass bottle, agitated in a paint-shaker for 12 h and diluted to about 3% solids with 2- 
butanone (400 g). An anodized aluminum dium was then dip-coated with the CG 
formulation and dried at 100°C for 5 min. The transport layer formulation was 
prepared from a bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), 
benzidine (26.70 g) in tetrahydrofuran (249 g) and 1,4-dioxane (106 g). The CG layer 

coated drums were dip-coated in the CT formulation, dried at 120°C for lh, to obtain 
a coat weight of about 20.9 mg/in2. The electrical characteristics of this drum were: 
Charge voltage (Vo): -645V, residual voltage (Vr): -110V, dark decay: 22 V/sec, 
Voltage at E(0.23 uJ/cm2): -175V. 

Example 2: 

A typical formulation involving a BX-55Z/phenoxy resin (25/75) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.4 g), polyvinylbutyral (BX-55Z, 2.28 g), a 
phenoxy resin (PKHH, Phenoxy associates, 6.82 g) with Potter's glass beads (60 ml) 
was added to a mixture of 2-butanone (50 g) and cyclohexanone (50 g), in an amber 
glass bottle, agitated in a paint-shaker for 12 h and diluted to about 3% solids with 2- 
butanone (400 g). An anodized aluminum drum was then dip-coated with the CG 

formulation, air-dried for 1 minute and dip-coated in the CG layer and dried at 100°C 
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for 5 min. The transport layer formulation was prepared from a bisphenol-A 
polycarbonate (MAKROLON-5208, Bayer, 62.30 g), benzidine (26.70 g) in 
tetrahydroHiran (249 g) and 1,4-dioxane (106 g). The CG layer coated drums were 
dip-coated in the CT formulation, dried at 120°C for lh, to obtain a coat weight of 
about 21 mg/in2. The electrical characteristics of this drum were: Charge voltage (Vo): 
-693V, residual voltage (Vr): -90V, dark decay: 15 V/sec, Voltage at E(0.23 uJ/cm2): 
-112V. 



Example 3: 

A typical formulation involving a BM-S/phenoxy resin (25/75) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.4 g), polyvinylbutyral (BX-55Z, 6.820 g), a 
phenoxy resin (PKHTI, Phenoxy associates, 2.28 g) with Potter's glass beads (60 ml) 
was added to a mixture of 2-butanone (50 g) and cyclohexanone (50 g), in an amber 
glass bottle, agitated in a paint-shaker for 12 h and diluted to about 3% solids with 2- 
butanone (400 g). An anodized aluminum drum was then dip-coated with the CG 
formulation, dried at room temperature for 1 min., dip-coated in the CG layer and 

dried at 100°C for 5 rnin. The transport layer formulation was prepared from a 
bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), benzidine (26.70 g) 
in tetrahydrofuran (249 g) and 1,4-dioxane (106 g). The CG layer coated drums were 
dip-coated in the CT formulation, dried at 120°C for lh, to obtain a coat weight of 
about 19.6 mg/in2. The electrical characteristics of this drum were: Charge voltage 
(Vo): -696V, residual voltage (Vr): -73V, dark decay: 14 V/sec, Voltage at E(0.23 
uJ/cm2):-133V. 

Preparation of Epoxy Novolac based formulations: 

Example 4 

A typical formulation involving a BX-55Z/epoxy novolac resin (75/25) at 45/55 
pigment/binder ratio was prepared as follows: 
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Oxotitanium phthalocyanine (7.42 g), polyvinylbutyral (BX-55Z, 6.80 g) : an 
epoxy novolac resin (po!y[(phenyIglycidyl ether)-co-dicyclopentadiene] Aldrich 
Chemical Co., 2.27 g) with Potter's glass beads (60 ml) were added to a mixture of 2- 
butanone (75 g) and cyclohexanone (50 g), in an amber glass bottle, agitated in a paint- 
shaker for 12 h and diluted with 2-butanone (325 g). An anodized aluminum drum was 
then dip-coated with the CG formulation and dried at 10Q°C for 5 rnin. The transport 
layer formulation was prepared from a bisphenol-A polycarbonate (MAKROLON- 
5208, Bayer, 62.30 g), benzidine (26.70 g) in tetrahydrofiiran (249 g) and 1,4-dioxane 
(106 g). The CG layer coated drums were dip-coated in the CT formulation dried at 
120°C for lh, to obtain a coat weight of about 20.5 mg/in2. The electrical 
characteristics of this drum were: Charge voltage (Vo): -662V, Voltage at E(0.23 
uJ/cm2): -90V and dark decay: 25 V/sec, . 

Example 5 

A typical formulation involving a BM-S/epoxy novolac resin (75/25) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.42 g), polyvinylbutyral (BM-S, 6.80 g), an 
epoxy novolac resin (poly[(phenylglycidyl ether)-co-dicyclopentadiene] Aldrich 
Chemical Co., 2.27 g) with Potter's glass beads (60 ml) were added to a mixture of 2- 
butanone (50 g) and cyclohexanone (75 g), in an amber glass bottle, agitated in a paint- 
shaker for 12 h and diluted with 2-butanone (325 g). An anodized aluminum drum was 

then dip-coated with the CG formulation, and dried at 100°C for 5 min. The transport 
layer formulation was prepared from a bisphenol-A polycarbonate (MAKROLON- 
5208, Bayer, 62.30 g), benzidine (26.70 g) in tetrahydrofuran (249 g) and 1,4-dioxane 
(106 g). The CG layer coated drums were dip-coated in the CT formulation, dried at 
120°C for lh, to obtain a coat weight of about 20 mg/in2. The electrical characteristics 
of this drum were: Charge voltage (Vo): -662V, Voltage at E(0,23 uJ/cm2): -102V 
and dark decay: 17 V/sec. 

Example 6: 



WDM* I 1-2 7 1 9 9 1 



A typical formulation involving a BX-55Z/epoxy novolac resin (25/75) at 45/55 
pigment/binder ratio and DEH transport was prepared as follows: 

Oxotitanium phthalocyanine (9.38 g), polyvinylbutyral (BX-55Z, 8.59 g), an 
epoxy novolac resin (poly[(phenylglycidyl cther)-co-formaldehyde] Aldrich Chemical 
Co., 2.86g ) with Potter's glass beads (60 ml) were added to a mixture of 2-butanone 
(85 g) and cyclohexanone (40 g), in an airber glass bottle, agitated in a paint-shaker 
for 12 h and diluted with 2-butanone (275 g). An anodized aluminum drum was then 
dip-coated with the CG formulation, and dried at 100°C for 5 min. The transport layer 
formulation was prepared from a bispher.ol-A polycarbonate (MAKROLON-5208, 
Bayer, 37.6 g), DEH (37.10 g), PE-200 (4.58 g), acetosol yellow (0.68 g) in 
tetTahydrofiiran (259.6g) and 1,4-dioxane (111.4 g). The CG layer coated drums were 
dip-coated in the CT formulation, dried at 120°C for lh, lo obtain a coat weight of 
about 16.1 mg/in2. The electrical characteristics of this drum were: Charge voltage 
(Vo): -695V, Voltage at E(0.23 uJ/cm2): -135V and dark decay: 15 V/sec, . 



Preparation of Epoxy Resin based formulations: 

Example 7: 

A typical formulation involving a BX-55Z/epoxy resin (75/25) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.0 g), polyvinylbutyral (BX-55Z, 6.82 g), a 
epoxy resin (Epon 1004, Shell Co., 2.28 g) with Potter's glass beads (60 ml) was 
added to a mixture of 2-butanone (32 g) and eyejohexanone (32 g), in an amber glass 
bottle, agitated in a paint-shaker for 12 h and diluted to about 4.7% solids with 2- 
butanone (258 g). An anodized aluminum drum was then dip-coated with the CG 
formulation and dried at 100°C for 5 min. The transport layer formulation was 
prepared from a bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), 
benzidine (26.70 g) in tetrahydrofuran (249 g) and l ? 4-dioxane (106 g). The CG layer 
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coated drums were dip-coated in the CT formulation, dried at 120°C for lh, to obtain 
a coat weight of about 16 mg/in2. The electrical characteristics of this drum were: 
Charge voltage (Vo): -696V, residual voltage (Vr): -48V, dark decay: 14 V/sec, 
Voltage at E(0.23 uJ/cm2): -88V. 

Example 8; 

A typical formulation involving a BX-55Z/epoxy resin (25/75) at 45/55 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (7.0 g), polyvinylbutyral (BX-55Z, 2.28 g), a 
epoxy resin (Epon 1004, Shell Co., 6.82 g) with Potter's glass beads (60 ml) was 
added to a mixture of 2-butanone (32 g) and cyclohexanone (32 g), in an amber glass 
bottle, agitated in a paint-shaker for 12 h and diluted to about 4.7% solids with 2- 
butanone (258 g). An anodized aluminum drum was then dip-coated with the CG 

formulation and dried at 100°C for 5 min. The transport layer formulation was 
prepared from a bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), 
benzidine (26.70 g) in tetrahydroftiran (249 g) and 1,4-dioxane (106 g). The CG layer 

coated drums were dip-coated in the CT formulation, dried at 120°C for lh, to obtain 
a coat weight of about 16 mg/in2. The electrical characteristics of this drum were: 
Charge voltage (Vo): -699V, residual voltage (Vr): -77V, dark decay. 9 V/sec, 
Voltage at E(0.23 uJ/cm2): -148V. 

Example 9 

A typical formulation involving a BX-55Z/epoxy resin (75/25) at 35/65 
pigment/binder ratio was prepared as follows: 

Oxotitanium phthalocyanine (5.25 g), polyvinylbutyral (BX-55Z, 7.31 g), a 
epoxy resin (Epon 1004, Shell Co., 2.44 g) with Potter's glass beads (60 ml) was 
added to a mixture of 2-butanone (30g) and cyclohexanone (30 g), in an amber glass 
bottle, agitated in a paint-shaker for 12 h and diluted to about 5% solids with 2- 
butanone (240 g). An anodized aluminum drum was then dip-coated with the CG 
formulation, and dried at 100°C for 5 min. The transport layer formulation was 
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prepared from a bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), 
benzidine (26.70 g) in tetrahydrofiiran (249 g) and 1,4-dioxane (106 g). The CG layer 
coated drums were dip-coated in the CT formulation, dried at 120°C for lh, to obtain 
a coat weight of about 24 mg/in2. The electrical characteristics of this drum were: 
Charge voltage (Vo): -696V, residual voltage (Vr): -80V, dark decay: 23 V/sec, 
Voltage at E<0.23 uJ/cm2): -141V. 

Example 10; 

A typical formulation involving a BX-55Z/epoxy resin (25/75) at 35/65 
pigment/binder ratio was prepared as follows: 

Oxotkanium phihalocyanine (5.25 g), polyvinylbutyral (BX-55Z, 2.44 g), a 
epoxy resin (Epon 1004, Shell Co., 7.31 g) with Potter's glass beads (60 ml) was 
added to a mixture of 2-butanone (30g) and cyclohexanone (30 g), in an amber glass 
bottle, agitated in a paint-shaker for 12 h and diluted to about 5% solids with 2- 
butanone (240 g). An anodized aluminum drum was then dip-coated with the CG 

formulation, dried at 100°C for 5 min. The transport layer formulation was prepared 
from a bisphenol-A polycarbonate (MAKROLON-5208, Bayer, 62.30 g), benzidine 
(26.70 g) in tetrahydrofiiran (249 g) and 1,4-dioxane (106 g). The CG layer coated 
drums were dip-coated in the CT formulation, dried at 120°C for lh, to obtain a coat 
weight of about 24 mg/in2., The electrical characteristics of this drum were: Charge 
voltage (Vo): -698V, residual voltage (Vr): -65V, dark decay: 19 V/sec, Voltage at 
E(0.23 uJ/cm2): -81V 

Variation from these specific implementations will be apparent and can be 
anticipated. 
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1. Abstract 

A photoconductive drum of an aluminum substrate and a blend of 
polyvinylbutyral and one or a blend of phenoxy resin, epoxy novolac resin, and epoxy 
capped polymers which are derivatives of bisphenol and epichlorohydrin. The blend 
enhances the electrical properties. 

2. Representative Drawing 

None 



